Introduction. In 2011, following heavy winter snowfall, two cities bordering two rivers in North Dakota, USA faced major flood threats. Flooding was foreseeable and predictable although the extent of risk was uncertain. One community, Fargo, situated in a shallow river basin, successfully mitigated and prevented flooding. For the other community, Minot, located in a deep river valley, prevention was not possible and downtown businesses and one-quarter of the homes were inundated, in the city's worst flood on record. We aimed at contrasting the respective hazards, vulnerabilities, stressors, psychological risk factors, psychosocial consequences, and disaster risk reduction strategies under conditions where flood prevention was, and was not, possible.
Introduction
Hazard avoidance, achieved through a combination of prevention and mitigation, has been advocated as a prudent and costeffective approach to disaster risk reduction, particularly when compared with preparedness, response, and recovery from disaster impacts. 1 We illustrate this principle with a comparison of the flood experiences of two communities.
During Spring 2011, flooding was widespread throughout the United States Northern Plains. We selected two demographically-comparable North Dakota cities, Fargo and Minot, that were both threatened by flooding in order to compare the hazard profiles, the salient psychological stressors, community response actions, and the "trauma signature," [2] [3] [4] [5] [6] [7] [8] under conditions of successful flood mitigation vs. historic flooding ( Figs. 1 and 2 ).
Fargo is not invulnerable to flooding, having experienced significant inundation in "The Great Flood of 1997." However, thereafter, Fargo has mounted 14 consecutive, successful "flood fights." Once again, in Spring 2011, Fargo constructed an elaborate network of flood fortifications and maintained surveillance throughout flood stage. Although the Red River of the North rose to near-record heights, Fargo sustained negligible flood damage. Dikes and levees were erected with sufficient durability to contain the rising waters, thanks to respected leadership guiding the vigorous, coordinated efforts of thousands of Fargo citizens.
In contrast, during June 2011, Minot experienced inundation that surpassed the previous record "Flood of 1881." The Souris River carves deeply through, and transects, the city center of Minot. There was no practical way to effectively mitigate flooding in downtown Minot. The extensive system of RESEARCH PAPER RESEARCH PAPER (MDD); 20, 29 and difficulties in intimate relationships. 22 Survivors of the 1997 floods in North Dakota experienced shock and disbelief, uncertainty, grief and loss, and emotional exhaustion. 30 Among flood survivors, women are significantly more likely than men to experience PTSD, MDD, and anxiety symptoms. 31 Diagnosis of flood-associated PTSD in female survivors was found to predict poor relationship adjustment and increased relationship aggression and violence. 32, 33 Flood-affected citizens may also experience impaired physical and social functioning and diminished health-related quality of life. 34 Youth who reported high levels of stress during the flooding associated with Hurricane Katrina also experienced long-term "serious emotional disorder: SED." 35 An important mediator in assessing the psychological impact of flooding is the degree and severity of flood exposure. Norris [36] [37] [38] differentiated disasters into low, moderate, and high impact events and showed convincingly that intensity of disaster exposure predicts the degree of psychological impairment and psychopathology. The Norris team reaffirmed this finding in a detailed analysis of flood disasters. 20 Moreover, floods occurring in highly-resourced, "developed" nations are less likely to produce widespread PTSD and other severe psychiatric sequelae compared with floods of comparable severity in developing nations. 20 Flood-associated PTSD can be predicted based on the type and severity of the flood event, survivors' flood experience, and pre-flood mental status. 39 Verger and colleagues 40 devised quantitative "cumulative exposure indicators" (CEIs) for survivors of floods that included physical presence during flooding (with or without shelter), property damage, endangerment and displacement. CIEs were in close agreement with objective geographic measures of flooding severity and significantly predicted PTSD. Psychological consequences vary in accordance with indicators of flood severity including numbers of casualties and deaths, economic losses, presence of epidemic diseases and rises in chronic disease prevalence. 41 The intensity of flood exposures such as water in the home, financial losses and disruption of essential services predicted a range of psychological outcomes: psychological distress, anxiety, and probable depression and PTSD. 42 "Depth of flooding," when used as a quantitative indicator of exposure, predicted both psychological distress and concomitant physical complaints. 43 Tracy, Norris and Galea 44 found that PTSD was directly related to hurricane/coastal flood exposure among Galveston survivors of Hurricane Ike in 2008, but that depression was associated with exposure to both acute hurricane impact and chronic post-impact life stressors.
Emphasizing the need for careful quantification of disasterspecific exposures, Xiong and colleagues 45 found that pregnant women with severe exposure to Hurricane Katrina flood waters were more likely to experience depression, PTSD, pre-term deliveries and low birthweight babies. These findings were echoed in a study of women who were pregnant during the catastrophic flooding of the Red River of the North in 1997; a longitudinal study found higher rates of medical complications, pre-term deliveries and low birth weight infants. 46 dams and reservoirs upstream from Minot required engineers from two nations to make flood control decisions over a period of weeks. The timing and quantity of water releases directly affected the water flow rates and river heights through Minot. Minot engaged in pre-impact citizen preparedness and evacuation, and following major flooding, the focus shifted to recovery and reconstruction.
The public health and psychosocial impact of flood disasters. Public health impact. Globally, among types of natural disasters, floods are the most common, affect the most people, and produce the most deaths. 1,9-11 Floods include both "fluvial" events, characterized by the overflowing of rivers and streams resulting from precipitation and snowmelt, and "coastal" flood events associated with hurricane storm surge or seismically-generated tsunami. 1, 11 Human factors interplay with natural phenomena to exacerbate flood risks: examples include human settlement in flood-prone areas, dam failures, levee breaches, water runoff from agricultural drainage systems, deforestation 11 and climate change with increased precipitation.
1 Public health consequences of floods include damage to homes leading to population displacement, damage to community infrastructure, cross-contamination of water and sewage systems, infectious disease threats, physical injury and disruption of access to primary and specialty healthcare services. 1, [9] [10] [11] [12] [13] [14] Death may occur from drowning in submerged structures or vehicles driven on flooded roadways, entrapment in rising floodwaters or trauma from floating debris or flood-collapsed structures. 1, 10, 15, 16 Psychosocial impact. Qualitative studies have demonstrated that psychological consequences are almost universally experienced by flood survivors, 17 relate to the degree of community vulnerability to flooding, 18 and are closely associated with the personal perceptions of "place" and home that may be fundamentally altered in the aftermath of severe flooding. 19 Posttraumatic stress disorder (PTSD) has been diagnosed in adult survivors of major floods, [20] [21] [22] child survivors, 23 disaster responders 24 and community leaders. 25 Additional psychological outcomes include emotional distress; 26 anxiety, disrupted sleep, flashbacks and lack of motivation; 27,28 major depressive disorder Project Renew's outreach workers, based in flood-affected counties, provided free, confidential psychosocial support and referrals as necessary to local resources and agencies. Project Renew staff conducted door-to-door outreach and participated in community events to help flood survivors improve their coping strategies and build resilience.
In 2011 Project Renew provided in-person brief educational or supportive contact, community networking, coalition building, and materials distribution for 60,030 North Dakotans (9% of the state population). An additional 2,561 North Dakota citizens received individual crisis counseling and 2,897 received group crisis counseling. Among recipients of Project Renew services, 24% had sustained flood damage to their homes, 17% had been displaced for at least one week and 15% had received direct rescue or recovery assistance. The preceding review of the research literature on the psychosocial impacts of flood events appears to be corroborated by the survey data from Project Renew that is specific to the 2011 statewide flooding throughout North Dakota. Floods disasters disrupt the daily functioning of individuals, families, and communities regardless of whether flood survivors develop diagnosable psychological disorders. Data on disaster-related patterns of substance use and domestic violence were not readily available but may be incorporated in future flood events. North Dakota has low rates of illicit drug use and suicidal ideation (www.samhsa.gov/data/spotlight/Spotl098SuicideByState2012.pdf) but Project Renew surveyed recipients of services regarding behavioral, emotional, physical, and cognitive stress symptoms. Regarding behavioral symptoms, hyper-vigilance was reported by 30% and "extreme change in activity level" was reported by 26%. In the realm of emotional stress signs, 25-28% reported each of the following: sadness, anxiety/fear symptoms and/or anger/irritability. Cognitive signs were prominent, with 43% experiencing impaired decision-making and 25% reporting distraction and lack of concentration. Finally, most (61%) described themselves as physically fatigued and exhausted. Ten percent experienced sleep problems and 9% reported deterioration of physical health. very high rates of binge drinking (www.samhsa.gov/data/2k12/ NSDUH113/SR113StateSubUseDisorder2012.htm).
Methods
We conducted trauma signature analyses (TSIG) 2-4 of the Fargo and Minot flood threats. Trauma signature (TSIG) analysis is an evidence-based method that examines the interrelationship between population exposure to a disaster, extreme event or complex emergency and the interrelated physical and psychological consequences for the purpose of providing timely, actionable guidance for effective mental health and psychosocial support (MHPSS)-or disaster behavioral health (DBH) support-that is organically tailored and targeted to the defining features of the event. 2 For each TSIG analysis we perform, we classify the disaster and review the literature regarding the public health and psychosocial consequences specific to the type of event; in this case, flood disasters of mixed natural and human causality (presented Table 3A . Disaster stressors associated with the 2011 flood threats by disaster phase: Pre-impact phase in the Introduction). Beyond the review of the scientific literature, the TSIG analysis consisted of five steps. First, using census and civic data, we compared community characteristics for Fargo and Minot. Second, using government and local data sources and expert consultation, we created a detailed physical hazard profile of the flooding in the two communities. Third, relying on published reports and personal accounts (from co-authors A.M., G.Y., J.J.), we delineated the major disaster stressors by disaster phase experienced by residents of Fargo and Minot. Fourth, we enumerated the flood preparedness and response actions across "community sectors" based on the community resilience framework of Gurwitch and colleagues. 47 Fifth, we summarized the "trauma signature," contrasting the salient psychological risk factors for the flood events in Fargo and Minot. (Table 1) . Fargo and Minot have relatively comparable, stable, and homogeneous populations. Fargo's population is 2.5 times larger than the population of Minot but with similar population densities. Both populations are about 50 percent female, predominantly composed of White, US-born, English-speaking citizens, with German, Scandinavian, and English/Irish ancestry. Families have resided in the area for multiple generations, own their homes, know their neighbors, have connections to the surrounding rural farming communities, and come together to help each other in times of need. The communities have similar income levels. Fargo has slightly higher high school and college graduation rates and Minot has a higher rate of home ownership. For both cities, primary employers are healthcare, insurance, and schools/universities. Minot is also home to an Air Force base. No strangers to challenging climatic conditions, both communities experience exceptionally broad annual temperature extremes and endure very cold winters, frequently with heavy snowfalls and periodic blizzards.
Results

Community characteristics
Hazard profile (Table 2 ). Fargo and Minot are both situated along rivers that pose flood threats associated with upstream snowmelt and precipitation.
Red River of the North at Fargo. This north-flowing river originates in southern North Dakota, passing the cities of Fargo and Disaster stressors (Table 3) . Disaster stressors are different in type, intensity, and timing under situations of successful mitigation (Fargo) vs. unpreventable flooding (Minot). In Minot, the major stressors were associated with the widespread inundation, stressors not shared by citizens of Fargo where floodwaters were retained and the flood hazard was avoided. In Fargo, stressors were most prominent during the pre-impact "flood fight" and during peak flood stage while actively monitoring the flood fortifications. Stressors rapidly dissipated as the river subsided. In Minot, stress levels persisted throughout the preimpact warning and evacuation phase, the impact phase flooding, and the prolonged post-impact phase (response, recovery and reconstruction).
Resilience indicators (Table 4) . Based on the framework of Gurwitch et al., 47 Table 4 is organized according to the interconnecting "community sectors" that participate in disaster preparedness and response and collectively define resilient communities. advance, providing a warning period that facilitated community activation and citizen protection. Regarding loss, very few homes were affected in Fargo, while in contrast, one-quarter of the homes in Minot were flooded. Few structures were swept away; most flooded homes remained in place but partially submerged for days and uninhabitable for months. Almost 20 percent of homes were damaged beyond repair. In terms of exposure to change, peak population displacement was estimated at 11,000
In Fargo, based on two decades of mounting annual flood fights, the process of developing, augmenting and connecting these sectors has become increasingly refined and routinized. Comparative examples of actions performed in Fargo and Minot are presented for each community sector.
Trauma signature (Table 5 ). In relation to exposure to hazards, neither Fargo nor Minot experienced flood-related deaths or serious impact phase injuries. These river floods were predicted in Post-Impact Returned to normal operations Disaster impact on first responders (one-third of staff personally impacted)
Gradual reduction in EOC operations
Voluntary organizations Pre/Impact
Promoting active citizen engagement 
Post-Impact
Rapidly resumed normal operations Major business impact from direct damage, lack of access, or loss of employees successfully prevent a major disaster is an atypical event. Yet, in relation to river flooding, the city of Fargo has succeeded in accomplishing this feat for 14 consecutive years. This rare phenomenon has galvanized the attention of researchers specializing in disaster risk reduction and community resilience. Synopsis of flood events. The hazard profiles for the Fargo and Minot flood events presented several important similarities. Both riverside communities experienced Spring 2011 river rises that exceeded the flood stage threshold. Both flood events were preceded by a similar sequence of contributory climatologic conditions: a multi-year "wet cycle" and three consecutive seasons of above-average precipitation, including markedly heavy snowfall during Winter 2011. Peak river flows were almost identical (730 to 740 m 3 /s) and flood stage persisted for months. Despite these documented similarities for two flood threats in two cities in the same state during the same season, the outcomes were starkly persons (about 4,000 families), representing more than onequarter of the Minot city population.
Discussion
Disaster risk reduction. Fargo's successful mitigation efforts reduced disaster risk, prevented disaster impact, and diminished the trauma signature. The degree of reduction in disaster risk achieved by Fargo, relative to Minot was largely determined by the plausibility of enacting structural mitigation. The Fargo experience is a testament to the effectiveness of disaster risk reduction involving concerted citizen action focused on reducing hazard exposure.
The comparison of the Fargo and Minot flood experiences illustrates that hazard avoidance is the most prudent, costeffective, and humane approach to disaster risk -when it can be accomplished. 1 The ability to foresee, predict, mitigate and 
Sheltering with family, friends
Two households 8,000-9,000 initially homeless
Most stayed with other families
Lack of access to basic needs
No lack of access to basic needs as a result of the flood event Some road and interstate detours City was divided into north and south
North end lacked grocery stores and health care until satellite clinics were opened Boil water order in effect for weeks
Lack of power, essential services
No lack of power or essential services as a result of the flood event
Power outages widespread
Loss of access to medical care, essential services due to city "cut in half" by flood waters first component, the initial TSIG analysis, consisting of population description, hazard profile, stressor matrix, community resilience indicators and TSIG summary. This manuscript is one in a series of papers that apply the initial TSIG analysis to a range of natural and human-generated disasters and complex emergencies. [3] [4] [5] [6] [7] [8] A description of TSIG methodology has been published elsewhere with open access to the templates used in TSIG case studies. 2 We recently published the following brief description of TSIG: Flood control. Fargo is located a short distance from the origin of the Red River of the North. Upstream from Fargo (that is, south of Fargo, because this river flows north) there are several large reservoirs used for mitigation. The Souris River flows through Saskatchewan and into North Dakota. The buffering capacity for major flood events involves the human operation of a complex network of dams and reservoirs; upstream flood control decisions determine the timing and level of the flow reaching Minot.
Recent flooding history. Immediately preceding the 2011 flood threat, Fargo citizens experienced 18 consecutive annual river floods from 1993 through 2010, while flooding is a more sporadic occurrence in Minot.
Trauma signature analysis. Trauma signature (TSIG) analysis is under development by an international team of investigators with expertise in disaster behavioral health and public health. 2 We are in the process of calibrating and refining the six components that comprise the TSIG analysis process: 1) initial pre/post-impact trauma signature (TSIG) analysis, 2) TSIG-targeted deployment of disaster mental health assets, 3) evidence-based early intervention with evaluation, 4) onscene validated mental health assessment, 5) identification and intervention for high-risk individuals and 6) monitoring and evaluation throughout recovery. This paper presents only the levels receded. However, in Minot, the anticipatory stress of the approaching flood was supplanted by the distress of observing the unrelenting and unstoppable inundation of the city, followed by the post-impact stressors of flood-forced displacement and irreplaceable loss (it was estimated that only 5% of affected home owners had flood insurance).
While both cities faced a realistic flood threat associated with rapid river rises from the snowmelt of massive snowpack accumulations, only Minot experienced direct exposure to flooding, loss, and change.
Community resilience. The widespread but foreseeable impact of river floods, prompting the urgent activation of multiple community sectors to respond to the flood threat, creates a natural laboratory for examining individual and community resilience throughout the phases of the disaster cycle. Individual resilience describes a process in which individuals who are exposed to a trauma "bounce back" and adapt, returning to their prior levels of functioning, wellness, and quality of life. [52] [53] [54] [55] While it is typical for individuals to experience initial distress post-impact, only a minority of disaster-exposed individuals progress to psychiatric diagnosis. 36, 37, 56 The extent to which social resources are available to provide support and a sense of connectedness is critical to influencing an individual's resilience. 54 Community resilience is determined by the extent to which community-level disaster resources are available to provide community members the ability to adapt positively to risk. 54, [58] [59] [60] TSIG incorporates the definition of resilience crafted by Norris and colleagues: "A process linking a set of networked adaptive capacities to a positive trajectory of functioning and adaptation in constituent populations after a disturbance." 54 Pfefferbaum and colleagues 54, [61] [62] [63] indicated that community resilience following disaster is characterized by connectedness and commitment; engaged participation; defined roles and responsibilities; resources; support and nurturance; skill building; communication; and disaster prevention, mitigation, preparedness and response capabilities. Resilience resources must be robust, redundant and rapidly delivered to meet time-urgent demands. 54 Particularly relevant to the Fargo and Minot flood studies, community resilience is now conceptualized by some researchers as both a pre-impact strategy, acting to prevent or mitigate negative consequences, as well as a post-impact approach. 57, 64 Resilient communities not only are able to collectively and effectively manage their disaster experience, they also act to replenish resources and prepare for future risks. 58 Recall that Fargo sustained severe flooding in 1997, a still-vivid memory that drives the annual citizen actions to mitigate and prevent recurrence of such a devastating event.
Application of resilience concepts, including elements of social capital, social support, and Midwest culture have been applied to studies of flood events. [65] [66] [67] [68] [69] [70] Fargo. Since The Great Flood of 1997, when the entire Red River Valley sustained record inundation, Fargo has successfully activated its citizens every March/April to engage in sandbagging and construction of dikes and levees to prevent flooding of Once the psychological risk factor database for a wide spectrum of disasters is completed and algorithms for translating the initial analysis into actionable guidance are refined, TSIG will be ready to fulfill its promise for informing disaster behavioral health response to disasters in a manner that is evidence-based and tailored to the event-specific exposures and experiences of citizens in disaster-threatened communities.
3-8 TSIG intends to offer emergency managers and mental health providers a scientific framework for identifying and rapidly determining the psychosocial resources that are likely to be required in a disaster and its aftermath. The TSIG framework focuses attention on the extent to which survivors are exposed to a constellation of disaster threats and hazards that have been documented to trigger stress, harm, loss, and change. In the current study, we have illustrated the success of Fargo in reducing trauma signature by way of diminishing risk by reducing exposure (mitigation).
TSIG findings. The TSIG analysis presented in Tables 1-5 , clearly displays the contrasts in the hazard profiles; the timing and types of stressors experienced; the sets of prominent psychological risk factors that were operating; and the specific exposures of residents to hazards, loss, and change. In the case of Fargo, for all components of the TSIG analysis, the major focus was directed toward the pre-impact and impact phases because flood mitigation was possible. In the case of Minot, the major focus was directed toward the impact and post-impact phases because the city sustained the full brunt of unstoppable flooding. Moreover, upstream flood control decisions affected the timing, volume, and velocity of water released to flow through Minot. This "human-generated" component became a magnet for anger and blame in the aftermath.
In Fargo, event-related stressors were most evident when the flood fight was in full force; stressors dissipated rapidly as water the city. Fargo faced its greatest challenge in 2009 when the Red River of the North reached its highest flood stage on record. Flood mitigation required the energized and coordinated efforts of 85,000 individuals who collectively filled 8.5 million sandbags in The Fargo Dome (dubbed "Sandbag Central") and placed the sandbags along riverbanks and around individual structures, braving blizzard conditions, as the river rose precipitously (see Figs. 3-6 ). [71] [72] [73] Fargo's demonstratively resilient behavior predated the popularity of the concept of community resilience. Recent research initiatives are seeking to create disaster resilient communities. Although appealing, this is not an easy feat. Major disasters are uncommon events in most localities, so prioritizing and maintaining momentum for community resilience is challenging. Fargo represents the exception; this community has an annual "date-certain" encounter with a major flood threat.
As best exemplified by the annual "flood fight," pragmatic Fargo citizens and enlightened community leaders have been operating in disaster risk reduction mode for decades-but without putting "voice" to what they do as a matter of routine. Given the option each March and April to sandbag rather than experience inundation of homes in frigid Red River waters, the choice seems clear. "It's just what we do," intoned one perennial "flood fighter." Now Fargo professionals and resilience researchers have come together and Fargo is likely to become a model for exploring community resilience.
Minot. Minot last experienced devastating flooding 43 y ago, in 1969. In 2011, the community responded heroically and effectively to evacuate citizens in a timely and life-saving manner, provide shelters, and maintain community security. No lives were lost and no major injuries were sustained. Particularly remarkable was the willingness of non-flooded citizens to welcome displaced neighbors into their homes; some households provided shelter for two or more families for weeks to months. First responders and health care professionals maintained their vital services despite estimates that 25-40 percent of these professionals were personally flood-affected. An August 2011 benefit concert, performed by an internationally-renowned band (with a personal connection to Minot) raised $1 million dollars for the Minot Area Flood Recovery Fund and a telethon generated an additional $2 million for the Fund. The Department of Human Services partnered with Lutheran Disaster Response to provide crisis counseling services as part of "Project Renew," funded jointly by SAMHSA and FEMA. Minot benefitted from the robust and effective coordination of volunteer and agency actions through VOAD (Voluntary Organizations Active in Disasters).
Conclusions
TSIG analysis was performed for two comparable communities facing major flood threats in 2011. One community was able to mitigate and prevent the threat while the other community experienced its worst inundation in history. TSIG demonstrates that effective prevention and successful mitigation dramatically alters citizen exposure to the physical and psychological consequences of natural disaster. These findings suggest a desirable enhancement for disaster research: expanding the focus on risk reduction measures (prevention/mitigation/preparedness) in addition to the traditional emphasis on crisis-management measures (response and recovery). 
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